The objectives of this study were to analyze the clinical features of patients with bone involved lymphoma and identify the prognostic factors and to explore the optimized treatment strategy for bone involved lymphoma.
Introduction
Bone involvement in lymphoma is an uncommon form of extranodal lymphoma. Although a primary lesion can originate from bone as a primary bone lymphoma, this is extremely rare compared to secondary bone involvement by systemic lymphoma. Primary bone lymphomas account for <1% of all malignant lymphomas and 7% of malignant bone tumors. Compared with systemic lymphomas, most primary lymphomas are treated with combined chemotherapy and radiotherapy and have a better prognosis. Malignant lymphoma of bone accounts for 5% of extranodal lymphoma. [1, 2] Every lymphoma category can involve the skeleton, as an exclusive lesion or as a part of a disseminated disease. Because bone involvement is observed in advanced stages of lymphoma with high tumor burdens, patients with lymphoma with bone involvement may have worse outcomes than patients without bone involvement. Chemotherapy combined with involved bone radiotherapy is the consistent strategy for primary bone lymphoma. However, there is no standard treatment for the involved bone in systemic lymphomas, and several questions remain open: the role of radiotherapy and surgery, the best doses and volumes of radiotherapy, the most optimal combination of radiotherapy and chemotherapy.
We describe a relatively large group of 109 lymphoma patients with bone involvement with the clinical features, management, and prognosis, collected from a single center database from September 2006 to October 2017.
Patients and methods

Patients
We retrospectively reviewed a total of 1948 patients with lymphoma in Cancer Center, Union Hospital, Tongji Medical College, Huazhong University of Science and Technology from September 2006 to October 2017. About 109 patients with skeletal involvement in lymphoma were finally enrolled, and clinical data of these patients were collected from medical records. Data collection of the study conformed to the provisions of the Declaration of Helsinki. All investigations had been approved by the Ethics Committee of Tongji Medical College, Huazhong University of Science and Technology. Due to the retrospective nature of the study, informed consent was not required.
Pathologic diagnosis was based on the World Health Organization classification (2001 or 2008 edition). All patients were staged according to the Ann Arbor staging system, including serum lactate dehydrogenase (LDH) level determination, enhanced total-body computed tomography (CT) scan and bone marrow assessment. Positron emission tomography (PET)/CT scan has been routinely performed since 2012. Bone involvement was defined either by radiologic procedures or histopathologic examination of surgical biopsies. Positive lesions in PET/CT scans that were due to diffuse involvement of bone marrow were not defined as bone involvement.
Treatment response was assessed according to the International Working Group Guidelines of 2007. [3] The decision to offer consolidative radiotherapy was generally made based on the referring physicians' decision. Overall survival (OS) was calculated from the date of diagnosis to the date of last follow-up or death from any cause.
Survival analysis
Survival curves were calculated according to the Kaplan-Meier method and compared using the log-rank test. Differences were considered significant if P-values were .05 (2-tailed). Univariate and multivariate analysis was performed using a Cox model using a forward variable selection procedure. Only the variables with significant values (P .05) in univariate analysis were included in the multivariate analysis. All data analyses were performed by SPSS software for Windows, version 20 (SPSS Inc, Chicago, IL).
Results
Patient characteristics
A total of 109 lymphoma patients with bone involvement were included in our study. Among them, 9 patients had primary bone lymphoma, and the others had secondary bone involvement of systemic lymphoma. Seventeen patients were diagnosed with classic Hodgkin lymphoma (cHL), 73 patients were diagnosed with B-cell non-Hodgkin lymphoma (B-NHL), and 19 patients had T-cell non-Hodgkin lymphoma (T-NHL). The major clinical characteristics of the patients are summarized in Table 1 . As shown in Figure 1 , diffuse large B-cell lymphoma (DLBCL, n = 48, 44.04%) was the most common histologic subtype, followed by cHL (n = 16, 14.68%) and follicular lymphoma (n = 8, 7.04%). The male/female ratio was 1.2:1, and the median age was 48 years. Most patients in our study had ECOG performance status of 0-1, and more than 80% of patients had advanced-stage disease at presentation.
As shown in Table 2 , 17 patients had unifocal bone lesions at presentation, with the femur (23.53%) as the most commonly involved bone, followed by the spine (17.65%). However, in patients with multifocal bone disease, spine (51.09%) was the most commonly involved site, followed by pelvis (44.57%). There were 9 primary bone lymphoma patients. Three patients had unifocal bone lesions, and 6 patients had multifocal bone lesions.
Treatments
Various treatment strategies were employed according to histologic type, physician discretion, and economic capability. Among 17 cHL patients, 14 (82.35%) received the ABVD (doxorubicin, bleomycin, vincristine, dacarbazine) chemotherapy regimen and 3 proceeded to radiotherapy for the bone involved; the radiation dose was 30, 30, and 46 Gy. CHOP (cyclophosphamide, doxorubicin, vincristine, prednisone) or CHOP-like were the most commonly used regimens for NHL patients. Thirty-six B-NHL patients received 1 to 8 cycles of rituximab plus chemotherapy. Sixteen B-NHL (21.92%) patients and 5 T-NHL (26.32%) patients were treated with radiotherapy for the bone involved, and the median radiation doses were 38 and 40 Gy, respectively.
Survival and prognostic factor analyses
The median follow-up for OS of cHL, B-NHL, and T-NHL patients was 18.5 months (range, 2-86 months), 10 months (range, 1-120 months), and 9.5 months (range, 0.7-144 months), respectively. The 5-year OS was 88.24%, 54.09%, and 61.58%, respectively. The OS at 10 years for B-NHL and T-NHL patients was 36.06% and 61.58%, respectively ( Fig. 2A) . The OS at 3 years for primary and secondary bone lymphoma patients was 74.07% and 59.30%, respectively ( Fig. 2B ). We analyzed the effects of the following individual factors on survival: stage, International Prognostic Index (IPI) risk group, serum LDH level, age, and radiotherapy to sites of skeletal involvement (Table 3 ). In univariate analysis, advanced stage, high IPI score, elevated LDH, age above 60 (Fig. 3) , and treatment without radiotherapy for the bone involved (Fig. 4A ) were significant poor prognostic factors for OS of all the patients in this study. Among limited-stage patients, only one who had not received radiotherapy for the bone involved died and the rest survived ( Fig. 4B ). There was a trend toward better OS in advanced-stage patients with radiotherapy for the bone involved compared with patients without radiotherapy (P = .09), but the difference did not reach statistical significance (Fig. 4C ). Using Cox regression for multivariate analysis, elevated LDH level and age above 60 were independent unfavorable prognostic factors (Table 4 ).
Discussion
This is a retrospective analysis of lymphoma patients with bone involvement, including primary and secondary bone lymphoma. Secondary bone involvement by systemic lymphoma is more common than primary bone lymphomas. The exact incidence of primary bone lymphomas is difficult to define, but it appears to account for approximately 5% of extranodal lymphomas, <1% of all NHL, and approximately 1% of Hodgkin lymphoma. [4] Our data also confirm that primary bone lymphoma is extremely rare, in contrast to secondary bone lymphoma. There are only 9 primary bone lymphoma patients, accounting for 8.26% of the patients in this study. Although DLBCL was the most common histologic subtype in our study (44%), the percentage was lower than what was previously reported (70-80%). [5] Anaplastic large-cell lymphoma (ALCL) was the most common in our T-NHL subgroup. The international incidence of ALCL is similar to that in China. [6, 7] Extranodal natural killer (NK)/T-cell lymphoma is more prevalent in Asians than in Western populations, [8] [9] [10] and it is the 2nd most common lymphoma in China, [7] accounting for more than 10% of all cases of NHL. In our data, extranodal NK/T-cell lymphoma, accounting for 5%, was the 2nd most common in the T-NHL subgroup.
In agreement with previous studies, [5] a male predominance was found, especially in the T-NHL subgroup, with a male/ female ratio of 1.7. The median age was 53 years in the B-NHL group, compared with 32 to 33 years in the other groups.
In many primary bone lymphoma studies, [11] [12] [13] the most frequent site of bone involved is the femur, a feature that was observed in a small number of primary solitary bone cases in our study. However, spine was the most common site of bone infiltration with multifocal lesions.
By analyzing the 5-year OS of these 3 subgroups, we found that the 5-year OS rates for the cHL and T-NHL groups were both superior to that for the B-NHL group. One reason is that the B-NHL subgroup was a composite population, including patients of different degrees of aggression and pathologic type. The other reason is that most patients in this group had advanced-stage disease. The 5-year OS for T-NHL is better than that for many types of T-cell lymphoma in the literature, [6] which may be due to the fact that the largest proportion in our study was anaplastic cell lymphoma, and ALK-positive anaplastic cell lymphoma has the best prognosis of T-cell lymphoma. Given the small number of primary bone lymphoma cases and the shorter median followup times, there were only 3 years of OS data, which were slightly shorter than in previous literature, but the OS was also better than that of secondary bone lymphoma. [14] [15] [16] [17] Stage of disease in our data is defined according to the Ann Arbor staging system. In our univariate analyses of prognostic factors, advanced stage and high IPI score predicted a poorer outcome, consistent with many other investigations. In this study, many fewer patients had limited stage and lower IPI scores than patients with high tumor burdens and disseminated disease. For DLBCL of the bone, the International Extranodal Lymphoma Study Group (IELSG) has proposed the IELSG staging system [18] : stage IE = single bony lesion, IIE = single bony lesion plus regional lymphadenopathy, IVE = polyostotic lymphoma, and IV = conventional stage IV lymphoma with skeleton involvement. This staging system is based on the different prognoses of the primary bone lymphomas. Distinct prognostic indexes were applied in different pathologic types of lymphoma. However, it appears that there is no prognostic index consensus for primary or secondary bone lymphomas.
Elevated LDH level was one of independent unfavorable prognostic factors in multivariate analysis. In our univariate analysis, it is considered to be an unfavorable prognostic factor in the B-NHL and T-NHL groups, but not in the cHL group. Although the number of cHL patients was relatively small, with only 5 patients presenting elevated LDH levels, the result is also consistent with the international prognostic factor of classic HL. [19] Elevated LDH level is included neither in the risk factors for early stage HL nor in the International Prognostic Score for advanced-stage HL. However, an analysis of 137 patients with HL suggests that LDH is the most important prognostic factor for HL. [20] A previous investigation suggested that normal values of LDH were associated with a better response to therapy and longer survival, independent of histologic type and clinical stage in NHL. [21] LDH levels also correlate with survival in patients with bone malignancies [22] or bone metastases [23] from solid cancers, such as breast cancer.
Age over 60 years was another independent unfavorable prognostic factors in our multivariate analysis. Age impacts on prognosis of patients in at least 2 ways: on one hand, it is intrinsically associated with patients' genetic changes, and on the other hand, older age often is associated with co-morbidity and reduced tolerability of chemotherapeutic regimens used in younger patients.
For early stage primary bone lymphoma, the therapeutic strategy of chemotherapy followed by radiotherapy was suggested to be the standard approach, [11, [24] [25] [26] and it has demonstrated its superiority compared with single therapeutic approaches. Our study was consistent with many more patients having secondary bone involvement by systemic lymphoma. Another finding of our univariate analyses is the better survival of patients with skeletal disease who received additive radiotherapy to the sites involved, especially in the B-NHL group. There was a trend toward better OS in advanced-stage patients. In the rituximab era, the role of radiotherapy appears to be diminishing. For patients with diffuse large B-cell lymphoma, the combined data of the MabThera International Trial (MInT) for young good-prognosis patients and the Rituximab With CHOP Over 60 Years (RICOVER-60) suggest a beneficial effect of radiotherapy to sites of skeletal involvement, although rituximab failed to improve the outcome of DLBCL patients with skeletal involve- ment. [27] The clinical benefit of irradiation of involved bone in patients with disseminated lymphoma has been questioned. The major reason for avoiding radiotherapy is likely the risk of late effects from this treatment modality, especially delayed bone growth in children and development of a 2nd cancer within a previously irradiated field. [28, 29] Given the limitation of our single-center experience, the clinical and prognostic significance of radiotherapy for the bone involved warrants further clarification in large, multicenter, prospective studies.
In summary, this retrospective study describes our single-center experience with 109 lymphoma patients with bone involvement. We found that DLBCL was the most common histologic subtype and confirmed that primary bone lymphoma was extremely rare. Elevated LDH level was the only one independent unfavorable prognostic factor according to multivariate analysis. Additive radiotherapy to the sites of bone involved may improve survival for advanced-stage patients. Given the limitation of the singlecenter experience, the effect of additive radiotherapy needs further multicenter, prospective studies. 
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